Objectives: Emerging data suggest that early deep sedation may negatively impact clinical outcomes. This systematic review and meta-analysis defines and quantifies the impact of deep sedation within 48 hours of initiation of mechanical ventilation, as described in the world's literature. The primary outcome was mortality. Secondary outcomes included hospital and ICU lengths of stay, mechanical ventilation duration, and delirium and tracheostomy frequency. Data Sources: The following data sources were searched: MED-LINE, EMBASE, Scopus, Cochrane Central Register of Controlled Trials, Database of Abstracts of Reviews and Effects, Cochrane Database of Systematic Reviews databases, ClinicalTrials.gov, conference proceedings, and reference lists. Study Selection: Randomized controlled trials and nonrandomized studies were included. Data Extraction: Two reviewers independently screened abstracts of identified studies for eligibility. Data Synthesis: Nine studies (n = 4,521 patients) published between 2012 and 2017 were included. A random effects metaanalytic model revealed that early light sedation was associated with lower mortality (9.2%) versus deep sedation (27.6%) (odds ratio, 0.34 [0.21-0.54]). Light sedation was associated with fewer mechanical ventilation (mean difference, -2.1; 95% CI, -3.6 to -0.5) and ICU days (mean difference, -3.0 (95% CI, -5.4 to -0.6). Delirium frequency was 28.7% in the light sedation group and 48.5% in the deep sedation group, odds ratio, 0.50 (0.22-1.16). Conclusions: Deep sedation in mechanically ventilated patients, as evaluated in a small number of qualifying heterogeneous randomized controlled trials and observational studies, was associated with increased mortality and lengths of stay. Interventions targeting early sedation depth assessment, starting in the emergency department and subsequent ICU admission, deserve further investigation and could improve outcome. (Crit Care Med 2018; 46:471-479) 
S edation is often used in the care of mechanically ventilated patients, and there is increasing recognition that the management of such nonventilator aspects of care influences outcome (1) . Present guidelines recommend titrating analgesics and sedatives to achieve light levels of sedation depth (1) . Despite these recommendations, deep sedation in the ICU is common and is associated with adverse outcomes such as increased mortality, lengths of stay, and delirium frequency (2) .
Sedation during the initial period of mechanical ventilation appears especially impactful on clinical outcome (3, 4) . Observational data show that deep sedation within the first 48 hours following initiation of mechanical ventilation occurs in over 70% of patients and is associated with increased mortality (2, 4) . Despite this, the great majority of prior sedation research has not addressed this early period (2) . As such, there is a knowledge gap regarding the impact of early sedation depth on clinically relevant outcomes.
The objectives of this study were to 1) describe the global literature focused on sedation practices within 48 hours of initiating mechanical ventilation and 2) quantify the impact of early sedation depth on clinical outcomes. We hypothesized that deep sedation in the 48-hour period following initiation of mechanical ventilation would be associated with increased mortality, longer mechanical ventilation duration, and increased hospital and ICU lengths of stay.
METHODS AND ANALYSIS

Protocol and Registration
A systematic review protocol was prepared and published in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analysis Protocol (PRISMA-P) statement (5) (6) (7) (8) . These final results are reported according to PRISMA and the Meta-analysis of Observational Studies in Epidemiology guidelines (5, 9) (Supplemental Digital Content 1, http:// links.lww.com/CCM/D81). This systematic review was registered in the PROSPERO international prospective register of systematic reviews (#CRD42017057264) prior to protocol publication. Ethical approval was not required for this study.
Study Identification
An electronic search included the following databases: MED-LINE, EMBASE, Scopus, Cochrane Central Register of Controlled Trials (CENTRAL), Database of Abstracts of Reviews and Effects (DARE), and Cochrane Database of Systematic Reviews. Each database was searched from the earliest available date (i.e., the beginning of the database) through October 2016 (Supplemental Digital Content 2, http://links.lww. com/CCM/D82). The search was designed in cooperation with a trained medical librarian (S.A.F.), experienced in systematic reviews, who performed the electronic search.
Reference lists of included articles were manually screened to identify additional studies. 
Inclusion Criteria
Studies were eligible regardless of language and included adult patients receiving invasive positive pressure ventilation. Randomized controlled trials (RCTs), as well as nonrandomized studies (prospective and retrospective cohort analyses, crosssectional studies, before-after trials), were included. Reviews, correspondences, editorials, and nonhuman studies were excluded. Eligible studies had to report some objective measure of sedation depth, such as the Richmond Agitation-Sedation Scale (RASS) or the Glasgow Coma Scale (GCS).
We compared outcomes between patients undergoing deep versus light sedation during the first 48 hours of mechanical ventilation. The primary outcome was hospital mortality. Secondary outcomes included delirium, duration of ventilation, hospital and ICU stay, and tracheostomy frequency.
Study Selection and Data Abstraction
Two independent reviewers (R.J.S.,M.R.D.) screened abstracts of identified studies for eligibility. In the case of disagreement, a third reviewer (B.M.F.) arbitrated consensus. Articles were reviewed for potential inclusion.
Data were extracted using standardized forms. Study characteristics, including author, publication year, study design, number of patients included, sedation data, study quality or risk of bias, and outcomes, were collected.
Study Quality Assessment
Clinical trial quality was assessed using the Cochrane Collaboration's tool for assessing the risk of bias in clinical trials, and a summary assessment for the risk of bias for each studied outcome was reported (10) . Observational studies were assessed with the Newcastle Ottawa Scale, assigning up to nine points. Five or fewer points indicated poor quality (11) .
Data Analysis
A meta-analytic approach was used to analyze the data, using Review Manager (RevMan, Version 5.3, Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). A random effects model calculated pooled effect sizes and corresponding 95% CIs between deep and light sedation groups. Odds ratios were calculated for binary outcomes; continuous variables were reported as mean differences, and overall effect estimates were generated using a Z test. Heterogeneity between studies was assessed using the I 2 statistic (12). Publication bias was assessed using a funnel plot of the size of the treatment effect against the precision of the trial. The kappa statistic was used to evaluate interrater agreement in study selection. The drugs, dosages, and study locations (i.e., ICU, emergency department) were reported qualitatively. Studies of patients mechanically ventilated in the operating room (OR) and then admitted to the ICU were included; we continued to exclude studies focused on OR sedation practices and perioperative outcomes.
To account for study heterogeneity, the following four post hoc subgroup analyses were conducted, combining data 1) from studies originally designed to study early sedation; 2) studies measured sedation depth with RASS; 3) prospective studies; and 4) retrospective studies. A subgroup analysis was not performed on the results from the RCTs due to the small number of patients enrolled (n = 97).
RESULTS
Search and Selection
Comprehensive digital search resulted in 946 potentially relevant publications, of which 89 were selected for full-text review. Thirty-nine duplicate studies were eliminated. The kappa statistic following abstract review was 0.77 (95% CI, 0.70-0.84), indicating substantial agreement between reviewers. In final analysis, nine studies were included (2-4, 13-18). Figure 1 displays the details of study selection and exclusion at each stage of review.
Study Characteristics
The nine included studies were published between 2012 and 2017. Two were randomized control trials and seven were observational. Seven were published in peer-reviewed journals and two presented as conference abstracts. The total number of patients across studies was 4,521. Table 1 displays each included study, its characteristics, and bias and quality assessments. Both RCTs were rated as low risk of bias in five of seven domains by the Cochrane collaboration tool for assessing risk of bias. All nonrandomized studies rated as high quality on the nine-point Newcastle-Ottawa Scale. Bias assessment details for randomized and nonrandomized studies can be found in Supplemental Digital Content 3 (http://links. lww.com/CCM/D83) and Supplemental Digital Content 4 (http://links.lww.com/CCM/D84), respectively.
The RASS was used to define deep sedation in eight studies, with a RASS of less than or equal to -3 as the cutoff for deep sedation in seven of those studies. The remaining study defined deep sedation as a GCS of less than 9 ( Table 1 ). All included studies used the Confusion Assessment Method for the Intensive Care Unit to assess for delirium.
Early deep sedation occurred in 34.7% of patients, ranging from 19.6% and 80.6% between studies. In reporting outcomes associated with deep sedation, two studies included data from the emergency department (ED), whereas seven studies focused exclusively on early sedation in the ICU (14) . Overall, descriptive statistics regarding analgesics and sedatives were variably reported. Six studies (n = 1,305) had analgesic medication data available (2-4, 13, 16, 17) . Six studies (n = 3129) had sedative medication data available (2-4, 13, 17, 18) . Fentanyl was used in 841 patients (64.2%) and morphine in 349 patients (26.7%). Propofol ([n = 2,020 (64.6%]), midazolam (n = 1,253 [40.0]), and dexmedetomidine (n = 101 [3.2%]) were the most commonly used sedative medications.
Meta-Analysis
The aggregate meta-analysis for binary clinical outcomes is presented in Figure 2 . All nine studies reported hospital mortality, including all patients (n = 4,521). Early light sedation was associated with a lower hospital mortality rate (9.2%) versus deep sedation (27.6%) (odds ratio, 0.34 [0.21-0.54]; p < 0.001). Delirium frequency was reported in six studies (n = 3,861). The frequency of delirium was 28.7% in the light sedation group and was 48.4% in the deep sedation group, which was not statistically significant, odds ratio 0.50 (0.22-1.16); p = 0.11. Tracheostomy frequency was reported in four studies, including 673 patients. There was a 17.3% frequency of tracheostomy in the light sedation group versus 20.4% in the deep sedation group, which was not statistically significant, odds ratio 0.58 (0.29-1.16), p = 0.12. Funnel-plot analysis for mortality (Fig. 3) revealed a symmetrical distribution of odds ratios for mortality, indicating low publication bias risk. Results for the continuous outcomes are represented in 
Subgroup Meta-Analysis on Studies Originally Designed to Examine Early Sedation
Results of the subgroup analysis focused on the studies originally designed to examine early sedation were similar to the primary analysis (Supplemental Digital Content 6, http://links. lww.com/CCM/D86). Eight studies were originally designed to examine early sedation, including 3,255 patients. Early light sedation was associated with lower hospital mortality rate (12.0%) versus deep sedation (30.0%), (odds ratio, 0.37 (0.21-0.67); p < 0.001). Delirium frequency was reported in five of eight studies, including 2,595 patients. The frequency of delirium was 33.8% in the light sedation group and 45.0% in the deep sedation group, which was not statistically significant, odds ratio 0.66 (0.32-1.36), p = 0.26. All eight of these studies (n = 3255) reported mechanical ventilation duration, and six of these 
Subgroup Meta-Analysis of Prospective Studies
Five studies (n = 1,868) with a prospective design were analyzed.
Results of this subgroup analysis were similar to the primary analysis (Supplemental Digital Content 8, http://links.lww. com/CCM/D88). Early light sedation was associated with lower hospital mortality rate (4.6%) versus deep sedation (23.4%) (odds ratio, 0.31 [0.14-0.65], p = 0.002). Four studies (n = 1,614) reported delirium frequency, with significantly decreased frequency in the light sedation group (20.6%) compared with the deep sedation group (55.1%), odds ratio 0.32 (0.13-0.78), p = 0.01. All five of these studies (n = 1,868) reported mechanical ventilation duration, and three of these studies (n = 1,363) 
DISCUSSION
The literature examining the impact of sedation in mechanically ventilated patients has expanded over the past decade. The majority of sedation RCTs either enrolled patients after 48-96 hours of mechanical ventilation, whereas observational studies have typically focused on sedation across an entire ICU stay (2) . By comparison, little data exist on early sedation and its impact on outcome. This meta-analysis and systematic review was undertaken to characterize the literature on early sedation and assess the potential impact of early sedation depth on clinical outcomes. In this process, we found several important results.
The main finding was a significant relationship between early sedation depth and clinical outcomes. Early light sedation was associated with decreased hospital mortality, mechanical ventilation duration, and ICU length of stay compared with early deep sedation. There was also a mean difference of 5.9 days in hospital length of stay, though this was not statistically significant. Similarly, despite a statistically nonsignificant difference, delirium incidence was almost twofold higher in deeply sedated patients. Early delivery of critical care interventions is especially impactful on outcome in many disease states, such as shock resuscitation, sepsis, mechanical ventilation, and acute lung injury (19) (20) (21) (22) (23) . Although there is a relative paucity of literature examining early sedation depth in mechanical ventilation, our results suggest that early sedation could be a modifiable treatment variable to improve outcome.
Second, although our systematic review demonstrates the importance of early sedation depth, it revealed a small literature base in this domain, finding only nine studies. This fact, combined with the limitations detailed below, indicates that the certainty of the evidence is very low. The two randomized studies, totaling 97 patients, were pilot studies for two RCTs being conducted in Malaysia, Australia, and New Zealand (3, 16) . The remaining data are from observational studies, one of which did not originally focus on early sedation care (i.e., pertinent data for this meta-analysis directly obtained from principal investigators). The majority of prospective trials regarding sedation have enrolled patients several days into their ICU stay. Our results suggest that the impact of early sedation on outcome may have been missed in prior studies.
Finally, our results provide descriptive data on early sedation practice. Deep sedation appears to be common during the early time period of mechanical ventilation. Fentanyl, midazolam, and propofol were the most commonly used medications for analgesia and sedation during early mechanical ventilation. Dexmedetomidine use was rarely reported. Dexmedetomidine is being used with increasing frequency, and its use is associated with reduced ICU sedation depth and improved outcomes (24, 25) . Early dexmedetomidine use is the topic of an ongoing RCT, which should provide further data in this arena (26) . Only two studies focused on patients in the ED, a location of frequent initiation of mechanical ventilation. This is another knowledge gap that our study highlights as a future direction for investigation.
This systematic review has several limitations. Due to a lack of RCTs, we included observational studies in our analyses. Including these studies carries an increased risk of bias, though we sought to control for bias by systematically assessing and transparently reporting study quality. It is important to note that highquality observational studies do not provide the same strength of evidence as high quality RCTs, and the findings should not be viewed as equivalent. Additionally, subgroup analyses attempted to control for this bias and provided similar results as the aggregate meta-analysis. Nonrandomized trials introduce increased risk of confounding. It is possible that more severely ill patients received early deep sedation or that early deep sedation reflects severely depressed mental status. This was difficult to evaluate, as only two studies reported illness severity by depth of sedation and different measures of illness severity (i.e., Acute Physiology and Chronic Health Evaluation, Sequential Organ Failure Assessment) were used between studies. Additionally, whether sicker patients who received deeper sedation have worse than predicted outcomes cannot be answered with these data. Likewise, delirium, one of the outcomes of this study, is often attributed to disease process, medications administered, or a combination of these effects. Though our results point toward increased delirium occurrence in patients deeply sedated in the first 48 hours of mechanical ventilation, it is important to remember that this delirium may have been unrelated to sedation depth.
Statistical heterogeneity was high, reflecting few RCTs, inclusion of nonrandomized studies, and use of differing definitions for deep sedation between studies. Given the clinical heterogeneity that exists among mechanically ventilated patients, statistical heterogeneity is not surprising and should not limit the ability to collate these data. GCS was used to assess sedation depth in one study, whereas RASS was used in the remaining studies, adding further heterogeneity. This heterogeneity is also an important result of this study, as it indicates inconsistent methods used to study the clinical implications of early sedation practices. It demonstrates that randomized studies with consistent measures of sedation depth are needed to better evaluate this relationship.
Furthermore, while the inclusion of observational studies reflects associations and not causation, it reflects real-world clinical practice and enhances external validity. It is possible that studies investigating early sedation were missed in the literature search. Our search strategy was exhaustive, included detailed electronic search developed in consultation with a trained medical librarian, and an extensive review of references and conference proceedings. The results represent a diverse patient population from an international domain. Though this large, diverse cohort increases statistical power and clinical generalizability of our results, it creates potential for confounding due to local practice variation with regard to different sedative strategies, including sedation holidays. These variable practices may be reflected in the wide range of deep sedation frequency between studies. Regardless, this systematic review has uncovered the largest amount of published data on the topic thus far.
CONCLUSIONS
This systemic review aimed to characterize and quantify the impact of early sedation depth on outcome. Deep sedation in mechanically ventilated patients, as evaluated in a small number of qualifying heterogeneous RCTs and observational studies, was associated with increased mortality and lengths of stay. Interventions targeting early sedation depth assessment, starting in the ED and subsequent ICU admission, deserve further investigation and could improve outcomes.
